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(54) Title: EXTERNAL CAVITY LASER WITH OPTICALLY SWITCHED TUNING MECHANISM 



(57) Abstract 

A stable switched multifrequency source (104) is 
described. The stable switched multifrequency source 
(104) includes a narrowband reflective optical filter 
bank (206). This bank (206) includes a plurality of 
narrowband reflective optical filter devices (208). In one 
embodiment, the stability and precision of the reflectivity 
of the narrowband reflective optical filter devices (208) 
are further enhanced through regulation via temperature 
(308) and/or bias current (128) based on a comparison of 
the output wavelength and a precise stable wavelength 
reference (134). The stable switched multifrequency 
source (104) also includes an optical switch (202) that 
is coupled to each of the narrowband reflective optical 
filter devices (208). 
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SS^7-lf f l l 6(cj:t9^[^p^^^ 0 r o ffl |W1 SB li > S $ A ^ it f l 3 2 
<t * a * ft # 1 1 8 ^fyy;ut Srffl^fcftSJtR^lS^g t t«>o tfi IE if > 
//Mj:, »Sl±l*t>y/Htf 1 2 2 i»^5o r.^«E*tB^^>y^«-S-l 

2 2 14 . ~7 4 — K ^ y ^ /i^ — 7" 1 2 0S:giLtl/-f-^^t-Ki88*lt 
gSl 3 OCJ: f^Sff ^ti6 0 

$ 6 td , - K • ^^7^iflt«»8l 2 8 U - if - ^ ^ * 

- KMSttAJttfctti 3 o £ , «**^«*a6«jK**2pi 3 4 £ £ ^ 1- 5 « IF] 
IB « j& g 3g ri s 5fc * ^ y ^ — if — l 0 2 l:fx.bnr^5. :ou-f-^V 
a- - K * ^-rr^mSftSHSSi 2 8 [4 , ««oWI»S:u — if-y-<* — Kl 0 6 
Id W & i" 5 tf> Id % u-f-f 181 1 0 8 Cli^tLTl/^p u - if - ^ * 

- k • T^iffiwig 1 2 8 3t a-* it * 1 1 8^>jaK»sr^^-5«»rasa 

1/ - if - ^ -< - Kl 0 6 oSifiotgfiSrWffit 5„ - if - # 4 * — KRSfi 

s it « i 3 o i4 . » ra is <a fc 46 td . u - if - y 4 * - k ■ '< <<( t * mmm&Ss ■ 

1 2 8 <h ft m SB u - if - y *f * - K 1 0 6 t ^ « «H Sr & ft "f 5 . u - if - ^ -< * 

- KBiK*tt:»» l 3 0 li, SHBu-f - ^ >f * — Kl 0 6^BAi, fflf * 
ttSS*iSiK»**2|il 3 4 ^^liA^iff l 3 2 S t 6 : ^ C J: 9 d 
ii ^ ft ? o u-f-^>Tt - KHSJfiftJtKS 1 3 0 14, 2 ocoiff ^J:h 
R L , o . dOgftS:l/-f-^-<7i--K-^>f7^tSEBSffl 2 8t«|SI 

1 l/-f - t - K 1 0 6 £ ^ i£ if "f 5 o 

miEtttt«$«WtiSttfi<S2|il 3 4 (4 . gc*«J*#JB«Sty-* i 0 4l;J: 
9 4 * S ft 5 MS £ M * % £ jE l fc # flf Id IE fit y - * T fc 5 0 » ffi ft fi ZE ft 

as & ft s s * i 3 4 cd ttt *g i4 , -T- b# i+ <o m fig t m m -e & 9 , se at s ft * * h 
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5ftftlM»3^vKl 1 OSrSltA^S. g^fflft^ISJy-^ 1 0 4 1^ * 
*-f:y?-202i: % ^^^5 L ^>'hD~-7204i:. KffiiKStS:^ 7 ^ 

2 o 6 i:Iit 5 0 Htif5?K«ijcSI ; f5S;jt7>f>'U^^<>^ 2 0 6(i N 1f i£ o $fc 

s*s« a: %'y 2 o 8 iit^7^^»pisgi2i 0 t t*ut^s 

0 07^;l/? HRIHiSl 2 1 0 14, ***SWS*7>f/U? 2 0 8 ©lO(: 

»JELT^5 0 »Ejt7^;^ 2 0 8I±, ^S^UKSC^SLTVn^, £9 1* 
i- 14 , #*0)t7>f ;^ 2 0 8li, 1$^OH«Si:fc^T^it5o Su I E jfe 7 

-f/^/<>no «-^^n*jisic^Lt ( « *. tf , jt # « ^ a fb 

S/^f^O2 0 0 nmO*«E(rt<D*-<r©lSiJI8ftl:JtLt) . It ? 4 * 

2 o 8^t^Ti^o »w*««*^raw**t^*7w'^^ 2 0 8 *iiapi-5^ 

5 Of ffi-a t fc 5o L fc # o r , if »^ ^?>Sltt53tli, 9 K * tt fc a £ 

^ tt , » 9 9 % t ^SluKlttt^fc o x :n(i«ogW$i:fi^ 0 S5 ^ s M m iz 
J: 9 , a ¥ W rt> o 3» m ft I- , jt^-f 2 0 2 & I LTia^li u-f - 

# 4 Hr— K l 0 6co^MtetB^^gi 2 6 ^ 3t *t £ i± T r £ a* r- # 5 o 
7-f^^»raH3S«2 l 0 (4 , 3c3£9J8l#JBi£5tv — * 3 0 4CWt5 t^)t 

14 r ?> 4 v> * , m 2 ^ Tjk l tz nmmm t$ , y * ^ 9 nwimmm 2 1 0 * * l r ^ 

So #^^7^^ai^Sifi2 1 014, SS*^»^*7^vn 0 8OIO 
0 8 AO?^g?:iIl, ~ tl (C ct 9 . !«^aK«^*7^^ 2 0 8 A^, 
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o^tli, K T C 4 ^ 5 o 

— 9 2 0 4 tt , Sft9J»3 v> K 1 1 0 SrSlt AtlSo J^iS 

K tt « co is? r- fc 5 -c % tt«*j:tf««*tt^5i5ttffis:jc2as*Rr«B-x?fca. 
r n b co gg ic o ^ t « , $ ^ s ^ t s ^ ^ ^ ffl 1/^ 5 o * * ^ => > 

h p - 5 2 0 4 14 , ( & ft mU ff = > K 1 1 0 \Z £ V Tjk £ tifz £ o ft) 31 tR £ *l 

tz&&m$i$k\Zttfc1rZ>yt7.<;\s? 2 0 8l:o4CJ: 9 ^ . ft * >f y ^ 2 0 2 (: 

A^tSo nyhn- 7 2 0 4 Co^t(t * ^ ^ f 2 0 2 ^ t t C 

IS i t § : i t , )£^^7f202 ^bIiK](:Elt^C^'i)-(:^5 o 

tt5iOgl^ffl^tSJ£$tL5:H>ffS L^ 0 SJm^I fig-* * 3S ft * t£ flf f4 
s flffljfc li, 3/ — (Mach-Zehnder) ^^3/*-Oj;5*«ftjt*^ffy 

H 3 (4 , iSPia^-f-^W t - K 1 0 6 07'd y^ltfc^o » IS IB ^ - If 
- Kl 0 6 14, U-f-^Vt - K 3 0 2 ^ fiS8S»IS? 3 0 4 ( 
TEC£t^£ft5) t , if-^^^306,*:, aSIiS! 3 0 8 tfc* Lt 
^5. l'-lf— ^ftf- - K 3 0 2 (4, ft £ ^ ^ 1 2 4i:S»ttltl*aS«l 2 6 
Lt^So t - ;^ ^ 3 0 6 li, U - if - y 4 * — K 3 0 2 O a S ft- ftj £ 

tssiTfcs, m » u fc j: 0 iz , KZLf&m* \ 2 4*5it;s»tttii*»t 1 2 

6 l: i o T , - K 3 0 2 ^S^«J*#»«SCy-^ 1 0 4 HII 

^ ffl f 5 w t a* pj fig \z * o s r ft id i 9 % aio* e-A^tsssns. » ra m 

l" - -if - ¥ << * - K 1 0 6£>»H»I*^I4, & £ « «t Jft £P 3 0 4 s if - 5: ^ # 

3 0 6, fciyfflssjfflgi 3 o 8 tfcSo rasi^ft»S 3 0 4 ioit;t-; 

* 9 3 0 6 (4 x Ix - if - ^ -< * - K 3 0 2 £ift«*J»Sg«3 0 8 £ (C ig $ tl X 

t)S«jfnt^53toflififtS:araiit5: t a* fig -e fc 5 . 
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-V-h 6 0 2 Tfo5 o H 6 ©*H«ftia«t5»Kli, H3td*Lfc*J«JI*34 s 
# fi& £ ft 5 „ » fe b 6 0 6 (C 4o ^ T N t - ^ 3 0 6 ^ , u - if - ^ >f ^ - K fi 

Ifit3 1 0S:a|fflfl8 1 3 0 8 ^iS«t5. t"^^ 3 0 6(i, U - if - 
t - K 3 0 2 OfiSSrfflStSo 1/ - if - ? f * - K fi ft {f * 3 1 0 14 N u 
-f -^-f 3 0 2 ©*Ko»JHit?Jt)5 B 

I& fil 6 0 8 (c: jo T N - KRSttftltlftSl 3 0 (Hi) *« , 

»*4SS»i^R«ftS* 1 3 4a*fco#fltfcIE**flr*l 3 2 i , 
£ ft & * <>: £ , iSSttJAfyy/MI^l 22^fflV^tl:b^L, o N r il ^ 2 
0(D{f^-^^fiOi:t^5iSm-efc?)^5:^^-- > (f^-l 1 6 £* s i£lM«i3 0 8 

gk 6 l o \c *s ^ T % fi K ffl #p 3£ IE 3 o 8 (4 . if - S * * 3 0 6 <b <n ^ - if 

- ^ * - K fi ft « # 3 l 0 <b . u-if-^-<^- - KIBSftJtKSi 3 0 b 
COSS^^-II^I 1 6 i^ffl^t, U-if-^-Y^- - k 3 0 2 o a ft & m 8 & 

& K * 5 a* 4? 5 a» fc ffl w i- a . 

ffiCiftSMDSK 3 0 8 Id <£ 9 <c $ ft tz fi ft IS ft (4 , u - if — ^ >f * — K • /< 
7 ^HifflSSS l 2 8i:i 9 ftSiifclS^ltCJtl-CSItStwt'fcS 
o « ^ ft A ft (i s * *0 . U-if-^^-K-'Wr*® fift'lS IS 1 2 8^t 
S^WSt SrftS L, ft i- > S. ft f'J » £E S 3 0 8 ^ u - if - ? 4 * - K - '< 4 T 
^tatl«8»i 2 8 i:± 9 JiSixfc«a©«»lcS<5^TB»S:ff 5. ft ft »J » 
SI B 3 0 8 t \s — if — ¥ 4 * - K ■ /MT^tfiSlSl 2 8 £ <Z> ffl CD il {C J; 

SK H B » 1 2 8 £ a ft f&J ffl m fi 3 0 8 £ O US] , ft b 2 otOgi^gl 

Lt^57>f-K^3/^lHll8 ( HI it ) S:^LT^5. 

S I® 6 1 2 IC ^ T > fi ft M W aS fi 3 0 8(4, a ft IS ft ft * 3 1 2fc*It« 
i^£PS 3 0 4 - iSilt^o ft ft IS ft If * 3 1 2 (4 . »«««?&S»3 0 4 ^, U 

- if - ^ -f ^- - K 3 0 2 CO fi ft Sr IS ft "T 3 tf> (c ^ 31 t £ ft 5 tit $8 £ ffi W 5 „ 



9B6 l 4i:fe^t, »St«fta» 3 0 414, u - if - 
fi ft £ IS ft i" 5 o fi ft IS ft If # 3 l 2 a* % i/ - if - ¥ << * - 



y^t - K 3 0 2(D 
K fi ft a* 51 ^ X 
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mm(om^^c(D^ttiitim^i 1 8 & w *& -c # 4 ^ - t & * * r* , & a « « » sp s§ 

3 0 4 (4 , l/-f-^^f*-K 3 0 2 ift»t5o 

®m 6 l 6 \zls\,^x , u-f-y^f t - KOIft^KSli, - if - ^ -f * - 
K 3 0 2O*a*«*i !8<Djg&®:S:?»lRlWI$-frSo 

in 4 i4 , 7^^apiiii2 i owy.p ^@Tfo5o 7 ^ * «s i*i m B B 

2 10(4s 7>f;^^|l!SPll 4 0 2 7-f^^«*«ftft*P*4 0 4 ir, 

7 ^ vu ^ t - ^ ^ 4 0 6 N 7>f^^»fttt;»» 4 0 8 i:S:*iLTl/>5. 7 
^^^»HH8I 2 1 0 0^1^11*4(4, WIpIIN U — If— -^-f — K 1 0 6 <7) ^ 
coiiffl l/-f-^>f*-K 3 0 2OiSS:illltt5t-^?3 0 

6 tg(Hltl^7-fy^f-5^M 0 611, »f «R»a* 7 -f ;i/ ^ 2 0 8 
<D iB. BL £ m £ 1" 5 c 7 >f ;u#l«t*ft»» 4 0 4*sj;tfii(iiaif>-S;** 4 0 6 
(4, tSS5WS)t7^^ 2 0 8 t 7^/^iaS»l»8l 4 0 2 £ il S £ *l 

r^^9, a> o , rjxt)(DS5ii:ffiifffflUTRf *sita;*7^^^ 2 o soa 

5 £ Pi ^ -f £ 0 »ff«SWa*7>f 2 0 8 0fi«iBit5:ti:± 9, s£ 

0 7 14 , 7^;u^»l3Wgfi2 10(Ol^S:S: ( );9Sai:/Tt7P-f + -h 

6 0 2 -c fc * o d 7 <o # 15 » 4: K 93 -T 5 R (4 , H4l:*Lfci*B»## fl8 $ 
ft 5 , S PS 7 0 6 (C *3 ^ T , 7 ? t - ; ^ ^ 4 0 6 ^ , ^^«S#txt7t^^ 
/U * 2 0 8 ^>aftSr7-f^^«ft*JftPifi«4 0 2 ^i(ft^ 0 |& R| 7 0 8 (C io ^ 

7^;^SS]tRS 4 0 8 ^, 8 f * S f l« S iK S f S $ 1 3 4 ^ b 7 ^ /v 
^i«A^f §4 1 O^^fHL, rt> o . ttRIUl/-f-^>f t- Kl 0 6 (Hi 
) 7?)^«gthl^-^>^ 0 ^m-^12 2^§:{f-r5 0 

9: B 7 l 0 ic *s i> T , 7 /u * K -ft it IS gg 4 0 8 14 x r£ * ttl if > ~f >\> it % l 
2 2(7)gIt7^;u^l$AA§#4 1 0 t £ Jt tt L , ft (C N rcOit({£»*Sr7 
^^^gSllfgf 4 0 2 ^Sif t 5 0 

is 7 i 2 ic *> ^ r , y jv $ a. s *j » m ■ 4 0 2 <4 , 7^/^s*jtRS4 

0 8 rt* b g ft L 7t tfc K if # tC S o ^ T % S5SS»Si7^/H 2 0 8(OS|£?) 



mmfr&mfr if 5 ^ «: *j wf i- s c 
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gpg7 1 4 Cfc^T, 7^/^£gffl«8t 4 0 2 1^ 7 ^ ;U ^ IS * 1 ^ ft ip 
§§4 0 4 -iaglII^Sttt5 0 

Kfg7 1 6 CJo^t, 7^;^^glt^at5 4 0 4 (i, & JB * tf , » 3? 
SWxtTt^ 7 ^^^ 2 0 8 £ #r £fl 1~ 5 0 

-M:^Jti5o H5AfeJ:tf8 5Bl:*Lfc*aBS:RWt5IBi:{i, IB 1 ft 
itfB 2 0>flt/£SXdS#Jg £ ft 5 <> 

SB 5 0 6l:fc^t, * -f y ^ =3 > h p - 5 2 0 4 fi x 9fa^*aHJ5|jS»Sr* 

tssaa^y ki i o £ s « -r 6 . 

Jtt5*7 2 0 8 Co^Ci 5 1^ 3t^>f 2 0 2i:*^t5 B ^t^>r 

* 2 0 8 A # , FJflOf^JISSlI^JSLTl^^^tSo 

gfg5 1 0 l:*3^t, 2 0 2 *. ^ ^; f n y ^ n - 7 2 0 4 ^ b 

<D ft <fr i- St o T , »»«S»a*7 ^ 2 0 8 AS: l/-f-^^*- K 1 0 6 

i S t 6 c 

18: P* 5 1 2 C /t 6 J: 5 C ftHHu-f-^^* - K l 0 6 
i 2 4 l:i 9ftfi!cSiifc*f^, HSiaH^-f-^-f* - K 1 o 6 ^Sttfidi^ 

mm i 2 6 b , << y f- 2 o 2 tatRsnt»«*sJia)t7-f 2 0 8 
s fe b 5 1 4 x r> Tjk <* ft 5 «t 5 k x 7 ^ ? ummmw 2 1 0 a i* n taa i s 

A it © * n t \Z S <5 ^ T , I«Jilt*f*K»ta*7^I/n0 8A(DI«i; 

m m w (d n s -r 5 0 :ttcj; ^ if^tif:i»«5its*7^/u^ 2 0 8 a^ 
, ii $ ft fc ja « & id *s ^ x , i 0 - s ie m \z it % m w i- 5 „ 

» Hr 5 1 6 id J: v fjk £ ft 5 £ 5 (c % I}^ntiStJSWxt^7 2 0 8 

A (4 , atR*ftfc*S«?K»ld*5^T, »B«i/-f-^>f*-Kl06rtwS 

?^st&AJtKtt$a<iridS<3^T, ajR*ht*»«s»a*7-f 2 0 8 a 
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0 8 a # , m*R£ thtzwmmfcwmzte^^r , a v -m~sEm\c z> . mtR. 
zhtzw&mwim.^iivzft + a. * as » « » i i 2 i tft^ 

IS: 5 2 0 I; i 9 /f $ h 5 ± 5 C , tt it % fflf * 1 1 2£«fi£-r.57t^f4. ^(s3 
I^U-if-^^x}- - Kl 0 6^cOKttt4tti^^Ml 2 6 tmtRtStltzW&WRM 

S;*7^^? 2 0 8At©f B n«if*^IgW(:S»L, r ft i; J; ?) , ttt & & {g 
•§•1 l 2 rosm^nfc 

gfg 5 2 2 lcfcv>t 1 tt % & It -8- i l 2 ^s+^iaSi 4 9 , r ix «t 19 , * 

as m % 1 1 8 ht, » 13 m u - if - ^ -r * - k 1 0 6 <» as a» <b » *t $ 

ix 5) o 

SB 5 2 4 luj: 9 *Sh5 J; j fc, u-f-f 1881 1 0 8 li, » W ■ f — If 

- ^ w * - ki 0 6 - , ittnctiiffit 1 1 4 zmm-t 5 „ 

5 2 6 iCfc^t, fitj 15 u - if — ^ ^" — Kit, ^ 11 It 1 1 4 *1 jt 
ft 2) if 1 1 8 £ ^ US £ i± -5 e 

ft| 5 2 8l:Jtl»T, I'-f-iJ'^* - KWISftttftSl 3 0 14, lit ft & £ 

S$ 1 3 4 7)^lifA73lf f 1 3 2 £ g L . tf> -0 , I^S>-f 

- Kl 0 6i»f>j6*!H7if y^A-igfl 2 aSiSdL, J b I: , r Jx b 

& |ig 5 3 0 (C *3 V> T , u--tf-^-l*^- - KPSiSEfittRSl 3 0 (4 , (2o«0 

* m »ft P S 1 2 8 ^ i£ft L , £ <b (- , 1 ix t S fc (2oco) iSfirottgfeSt* 

fc5Rtite^g^7--(f^-i 1 6^, «si^iiU'--tf-^i'3}--Ki 0 6 ~ m m -r •& 

l£ P£ 5 3 2 (C £5 1/ > T s u-f-^^t - K • /<^7^f SEISSl 2 8lj:, 1/ 

- if - y 4 * - k co /< ^ r * m se id *j ^ t p m & & m ^ t* ? & *u m -t z> Q t l 

- y - k 1 o 6 co ✓< -y r * m SK co ts m z m s l , r n tc ± g N # as ^ « * 1 

1 8 08*Sr-HSt5, » H » U- — if-^-f^ — Kl 0 6 <D «( T * m 8E <£> S *I 
co n SE (4 s Jfc U * « * 1 1 8WSSt^f 7^ 0 

SU 3* L J: 5 ic x i/-f - t - K • 7 7 ISfgSS 1 2 8 l; J: D 4 $ 
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x. ft , m ta , u-f -^-f t - k •/wr^tSHisi 2 8^ s gg m «k co 

IE S ft £ * 3t t . * . SSa«ll 3 0 8 ?)\ l/-f-^^ft-K-/W77 
tiXHSSS l 2 8 ic J; 9 4Sttfctffi^Hil:I^^tISS:«St5. u - if 

- ^ * - K • /<>f7^titll»l 2 8 tflKM«itl 3 0 8 i O ffl <E> ii » K 
J: 9 , * <t * 14 , «6& ff t * ft 5 ft IS 36 £ ft 5 . u-t'-^-< K • 7 ^ 
ffi fS ft S§ l 2 8 £ « « *J » SS « 3 o 8 t w ft 6 2 o co as S £ ffi 
«LT^5 7 >f- K/<y (H^-tt-f) S:^ LT « Stt US S «4 % ?» PI SB 
u-if-^-f;*-- K 1 0 6*W}ft£^Z1z*b\cm^Z>z.ktf-e$Z>m,M<OV?®-5i 
g£ «S H H Pfi £ ft £ T- , u-if-^-f;*-- K • /W 7^iI«S l 2 8 riMS 
4£ £ £ * T ^ £ c BfS^I«l«H^^tl»* s »lRllB^-f-^^t - K 1 0 6 \z m 
» * ft ft tf . ftBIH^-f-^'f * - Kl 0 6B»I^S:t5:4:#fcSo 

*36W<Bte<Dlllfi»£ffifc^fe-efcS. a l S:#ILt«!l»Lfc i 5 I: s * « W 
Offctf>HlKJKffil4* 3c S «] gt # « K 5K y - * l 0 4 i:SSIUIiu-1f-y-i;^- - K 
1 0 6 itt LTl^^, ^-f-«HSftl0 8*tli»lRimilftlrLt^ 
* ^ o BlOftBllll^li, i/-f-y^* - K«»**lt«»l 3 0 1/ - 

If - ^ Or - K • ^-YT^«SfEHSE«l 2 8 i: N »tt*SJ£«i£iK«*X2pl 3 

4 ^titi^o r o n m m m t- *s ^ r , 3t u * n t 1 1 8 14 , » as & « * 1 

1 2 t H - t fc 5 . r ollf ® (i, fin fa |g u — if — y — * as # g ^ £ fi 5 
fc # 14 « *c * ffl -e fc 5 o « * tf , ft co # fij (division) i4 , f utf^^ y - v 
±(-^^^ft^fTfc^t°^^^s^fe^^{k$^^fe^fd^^ y->P^co«-^(5o 

t? * ir /u ic ffl IS *J fig * u - if - y ~ * Sr ffl ^ 5 ^ t # T # £ „ 

B2i:*Lfc7-r;u^»ISIHS!12 1 o £ ilt *_ T , * fc * m 3 id * L fc a * 
1^9^ 3 0 4 ^ t - ^ ^ 3 0 6 fitHISI 3 0 8 t«:tt5U-f 

- y -f*-Kfflo»ra«««fc«*T^*^. S 5) 4 4 !! ffi JK ffi & "THE T? *> 6 . 
liibojllfc^ttli, L II tt « ffi 0> A ft ft O it ft £ * L T ^ * ^ # , ffi 

ffi A« -31 *6 -C fc 5 . 

« fifi: S Si co i@ *d ic j: o T , £ b ft 5 H m ffi ffi pj #6 -c fc 5 0 0fl x. li , Hi l &* # 
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-^>f*-Kl 06.*r*LT*9, R» B IS f - * - K 1 0 6 W # * li 
, ^^-Kim^Jl&xCy-^ i 0 4 £ i/-f-JE«81 l 0 8 t 

0 r H t£ fg tt , #&<Dftfcti;*Mf-S§-l 1 8^iHT#|^S(lf CffiSftlft 

1 1 2 ft 5 0 Sfelcf&oHttJBJBte, i/-f -8«fit 1 0 8S:tL 
T £3 9 . 0[ u - if - ^ M $g g 1 0 8 (7) # ^ li, ±xm-(Dm&%iin J ?!rl 1 2 ft {f 
*.fc«^**ttJ*ft*l 18«:4«LtV^5«»fl)»iaPi/-f-^-f*-Kl 
0 6 O l oCljBSnt^S. *WSriK«Ri:i"S-ttb±Tco3IJfi?BI8*s, Hi 

l )t ± 3 * a s w as ii m e i o 8 . m m w z n g e > s * * ms * * (- « ^ 

H2«r#«t5^ SbiSX****, SSiD»*ll ft* y - ^ 1 0 4l:*J 
5 # ft 3R ^ «fc o T fig -e fc 5 o #J If , IE ft * , $15 d^p £ & 

(oft\m^ife&&m!bz^<&m;<D&ftmfcki&fty 4 2 0 6 mm* w 

* <r> % * «( v *f- 2 0 2 ft * -t Z> H J£ ffi *J fi£ T? *> 5 o r o n ffi fi N # 3& co 

u-f-gf 1 0 6 (mi) m T- o §0 & ft m \z u > o , ^«*>w**:*ijjfipi 

fig id f 5 0 ^*<O3t^-fy^ 2 0 2 Sr«x.fcflliC0llJS?glfitt, i^/^^7°(Di 

ay-^l04itti*lt»18T*&oTtJ:<, c co HJE fig , Su 54 L fc fij 
/£ «r\ i- ft *, x IE £6 ft ^ , ^^^r^v^^SS^^ #»o^o«*ftM 
^co^y-^raT-coeoifeO^Ifigtt^, ^ fit 60 g|5 «S Id H LT3B«>&:h,fc*iJ/B*rffit£ 

t * -r 5 o 

ts i }i: Ltt # ®: o * >r y ^ =3 > h p — 9 2 0 4 ifci± 1 §07 k ✓< 

>^h-^>ry^=»>ho-7 (i^n 2 0 4 ^ii^i) c J: o t , & m 
tzit^mmmcox 5 ttm* <oJj&x- . % * 4 y ^ 2 0 2^$!»t5:H^^i: 

y-^ 1 0 4 ciiijots : ^t^ 0 0*J *. , * ^ >f ^ f 2 0 2 , f« ffl fig 
t - lis c ffl i^b ^ t f s s it ^ Tfe 7 ^ 2 0 8^ieit^f-^^-^ 
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